Background: Bladder and lung cancer are among the ten most common cancers in both genders. The NKG2D receptor and one of its ligands, MICA, are associated with smoking and susceptibility to both chronic obstructive pulmonary disease and lung cancer. Objective: We hypothesized that NKG2D-MICA system was associated with other smoking-related epithelial cancers such as bladder cancer. Design, Setting, and Participants: 70 cases of primary non-muscle invasive bladder cancer were screened for the MICA expression and CD8+, CD4+ and NK cell infiltration. Most patients (n = 55, 78.6%) were current or former smokers. Measurements: Tissue microarray (TMA) technology was chosen to evaluate MICA and tumor infiltrating lymphocytes in samples with confirmed bladder cancer. KaplanMeier curves and univariate Cox analysis was used to assess relapse, all-cancer mortality and specific bladder cancer mortality. Results and Limitations: MICA was expressed in most cancer specimens examined (i.e., 70%). Relapse of bladder cancer was not associated with the status of MICA expression (log rank p = 0.1123). Nevertheless, a significant association existed between high MICA expression and bladder cancer mortality (HR = 0.25; CI 95% = 0.06 -0.97). Tumor infiltrating CD4+ and CD8+ lymphocytes were found in the majority (64%) of samples. Cells expressing the NKG2D receptor were found in only 3% of the samples. There was no linear function between NKG2D+ cells and number or ratio of CD4+ and CD8+ TIL. Conclusions: MICA is expressed in a significant proportion of bladder carcinomas. MICA expression associates with significant survival advantages in the face of both all-cancer and bladder cancer. The NKG2D-MICA system could represent a common mechanism involved in the immunopathology and natural history of bladder neoplasms.
Introduction
Bladder and Lung cancer are among the top ten most common cancers in both sexes worldwide [1] . Bladder cancer occurrences are irregularly distributed, being more common in the Southern regions, and less common in Northern regions [2, 3] . In the USA, 215,000 new cases of lung cancer and 69,000 new cases of bladder cancer are diagnosed every year [4, 5] . In Europe almost 134,000 new cases of bladder cancer are diagnosed yearly. In Spain, 23,000 new cases of lung cancer and 13,000 cases of bladder cancer are diagnosed every year. A strong association with tobacco smoking exists for both tumors [6] .
shown that after eight years of follow-up, bladder cancer patients show an increased risk of a non-urinary second neoplasm [1, 8, 9 ]. An increased relative risk of lung cancer among patients with bladder cancer has also been reported [10, 11] . Spain is the leading European country in terms of the incidence of lung cancer and the second regarding mortality as a result of the same. Both tumors share the common etiologic factor of tobacco [1] .
Immune cells in order to control inflammation and promote repair remove cells undergoing injury or stress. Several pathways that detect and eliminate these cells have been described [12] . A well-described mechanism that may provide a link between epithelial cell stress caused by cigarette smoking and immune activation involves NK cell group 2D (NKG2D; also known as KLRK1) receptor activation [13] . We recently demonstrated that cigarette smoking induced NKG2D ligand expression on pulmonary epithelial cells [14] , implicating NKG2D receptor activation as a mechanistic link between epithelial cell stress induced by chronic smoking and lymphocyte activation in pulmonary tissues.
The role of NKG2D receptor-ligand complex in triggering immune responses in smokers might also influence extrapulmonary pathways that can result in aberrant activation of the immune system leading to autoimmunity or other forms of immunopathology [13, 15] . NKG2D ligands are not expressed in healthy adult tissues, but are induced by infection, transformation, and DNA damage [13, 15] . Multiple families of structurally distinct NKG2D ligands have been identified in humans. Two families of NKG2D ligands have been identified: the MHC class I chain-related (MIC) molecules MICA and MICB and the UL-16 binding proteins The NKG2D receptor is expressed on circulating and tissue lymphocytes and directly recognizes stressed cells through ligands expressed on the cell surface. NKG2D receptors are expressed almost exclusively on cytotoxic lymphocytes (i.e., CD8+ T cells, NK cells, NK T cells, and + T cells) and can directly induce cell cytolysis, enhance innate immune functions, and modulate adaptive immune responses.
We hypothesized that aberrant downregulation of NKG2D ligands, NKG2D receptor, or both, can lead to evasion of stressed and transformed cells against bladder immunesurveillance in cigarette smokers. We examined bladder cancer as a form of epithelial tumor associated with chronic cigarette smoking as it allows the determination of in cis (local) and in trans (other extrapulmonary organs) cigarette-related impairment of immune surveillance. Therefore, we aimed this study at assessing, first, whether bladder expression of MICA molecules is related with presence of bladder cancer in cigarette smokers; second, whether NKG2D+ tumor-infiltrating lymphocytes (NKG2D+ TIL) are present in these tumors; and third, whether these immunopathological characteristics relates to long term clinical outcomes such as relapse of bladder cancer and disease specific survival.
Methods
Ethics and study design. This study was designed according to the guidelines for human research [16] and approved by the Research Committee of Human Investigation at the Hospital del Mar Research Institute (IMIM). The purposes and characteristics of the study were fully explained to the patient, without revealing any a priori hypothesis, and written informed consent was obtained from each participant.
Definition of cases. For a patient to be enrolled as a case, a diagnosis of non muscle-invasive bladder cancer was required. The data base provided by the Cancer Registry of the Hospital del Mar was used as a source of information to carry out this study. Exclusion criteria were not following the care protocol controls, and have shown a tumor infiltrating during follow-up.
Tissue samples. A tumor-microarray (TMA) from 127 consecutive cases of primary non-muscle-invasive bladder cancer with a minimum 5 years follow up, and formed by 127 cylinders of 0.6 mm in diameter, was screened. The TMA included five cylinders other tissues for internal control, which served to guide the reading. The construction of the bladder tissue microarray has been described previously [17] . No cases belonged to patients who had received radiotherapy or systemic chemotherapy. Expert pathologists assessed the tumor cores. All samples were from non-muscle-infiltrating urothelial carcinoma. The distribution by grade and stage classifycation (UICC/99) is described in Immunodetection of NKG2D expression. Human tonsillar samples were included as positive controls of CD8, CD4, and NKG2D+ cells using either immunofluorescent or immunohistochemical staining techniques. Microphotographs of phase and negative controls were included. Expression of NKG2D was confirmed using both fluorescent and visible light microscopy ( Figure 1) .
Immunodetection of MICA expression and binomial quantification of MICA immunoreactivity. Indirect immunoperoxidase staining was utilized to quantify the expression of MICA in bladder tissue biopsies. trol-stained sections; b) MICA-stained sections and c) computer-modified MICA-stained sections as described below. Bladder tissue samples were immediately fixed in 10% neutral buffered formalin at 4˚C for 24 hrs, and then processed for paraffin sectioning. Six-µm-thick tissue sections were stained by IHC using an indirect immunoperoxidase method (The Binding Site, UK). All biopsies were processed using and automatic tissue processor. Sections were rehydrated and blocked for endogenous peroxidase using 0.3% hydrogen peroxide. Specificity of immunoreactivity was assessed using an appropriate isotype-matched, non-relevant control antibody (IgG 1 , BD, Pharmingen), which was included as a negative control. Control monoclonal antibody estimated non-specific binding (i.e., background) of target primary antibodies to cell surface antigens because they showed negligible cross-reactivity with cell surface antigens on tissue sections. Isotype controls were used at identical concentrations and staining conditions as the target primary antibody. In addition, HeLa cell smears (HeLa cells are positive for MICA) were included as positive staining controls. Microscopic images were evaluated using a microscope and an image-digitizing camera. Micrographs of bladder biopsies were obtained at a final magnification of 40×.
Computer-assisted image analysis. Profile measurements were performed using computer-assisted image analysis (CAIA) software (Image J 1.37, Wayne Rasband, Figure 3 depicts the various steps involved in the quantification of MICA in bladder neoplasm biopsies by CAIA. CAIA is considered an effective method of quantification when comparing staining characteristics among experimental groups. CAIA allows extraction of 2D feature data such as area fraction (total stained area) and distribution. CAIA relies on the ability to cleanly separate or segment a structure of interest from its background using a physical difference, such as color, to facilitate segmentation of red/brown stained epithelial cells in the blue nuclear counterstained tissue sections. The method converts the RGB (red, green, and blue) composites into HSI (hue, saturation, and intensity). Color threshold settings for the optimal discrimination between brown and blue staining in this system were set prior to analysis and left unchanged throughout. In addition, one investigator who was blinded to the clinical pathology (MOL) reviewed the images of each individual core to confirm both its presence on the slide, and the presence of tumor tissue within the core. Immunoreactivity was quantified using the hue (color wavelength) and saturation (color amount) of the reaction on the epithelial cells. Thresholding was used to segment images into stained epithelial area and background on the basis of gray levels. Threshold was automatically based on the histogram of the current selection. When thresholding was enabled, positive epithelial areas were displayed in red and background in white (Figure 3) . With this method, positive descriptions of color were broad enough to include all the features of interest and strict enough to exclude back-ground. Due to varying color hues among different biopsies, MICA immunoreactivity analysis was restricted only to a binomial scale according to stained epithelial area normalized to the overall area of each array biopsy. The rationale is that MICA immunoreactivity is positive when the biopsy sample showed a red/brown reaction pattern greater than background threshold. The rationale for negative immunoreactivity is that immunoreactivity was equivalent to, or below of background (i.e., structures such as interstitium labeled with a similar intensity). Sections of normal urothelium from 6 non-smoker subjects were used as controls.
National Institutes of Health, USA. http://rsb.info.nih.gov./ij).
Statistical analysis of the study data was done using the SPSS package (version 15 for Windows; SPSS, Chicago, IL). First, chi-square or Fisher's exact test were used to assess the relationship between MICA expression and patient and disease characteristics. The end-points of interest were: relapse, defined as the time of diagnosis to reappearance of the tumor, and bladder or all-cancer survival, where patients who died as a consequence of their bladder or other cancer were counted as failures. Patients who did not present any event until the end of study, those lost to follow-up and those who died from other causes were censored either at last medical visit or at death. Survival curves were estimated using KaplanMeier analysis and the differences between categories of each variable were assessed using the log rank test and univariate Cox regression. Significance was established at p ≤ 0.05.
Results
In our study, 70 cases of primary non muscle-invasive bladder cancer, and sections of normal urothelium from 6 non-smoker subjects (controls), were screened for the expression of MICA, CD8+, CD4+ and NKG2D+ cell infiltration using TMA technology. The main demographic and clinical characteristics of the study patients are depicted in Table 1 . All patients were adults, with a greater proportion of males. Most patients (n = 55, 78.6%) were current or former smokers, whereas 29 (22.8%) pa- tients were never smokers. None of the patients were exposed to known carcinogenic materials at work or at home.
During follow up, 13 (18.6%) patients had a second primary tumor, and 4 (5.7%) were diagnosed with primary lung cancer. Over the next 5 years after lung cancer diagnosis, all patients diagnosed with late stage lung cancer died. Only one patient with early stage lung cancer was alive after chemotherapy treatment, showing a partial remission of the tumor. MICA was expressed in most cancer specimens examined (i.e., 70%, Table 1 ). The median intensity of MICA staining was used to separate the two groups corresponding to high and low expression. There was no visible staining of nuclear or stromal compartments. To assess whether this lack of association could be related to a window of inverse relationship between time since patients quit smoking and expression of MICA+ in the tumors, we included in the analysis the elapsed time without smoking. The elapsed time (in years) since patients quit smoking and the time of surgery showed no significant association with MICA+ expression in tumors ( Table 1) . Also, we wanted to evaluate a potential dose-effect relationship between the degree of cigarette consumption (as an index of exposure to tobacco smoke) and the expression of MICA+. The non-smokers patients were included as referent. Regardless of the cutoff, we found no difference in the rate of cumulative smoking (pack-years) and MICA+ expression ( Table 1) . Expression of MICA in bladder cancer and associations with prognosis. When considered in univariate analysis against the clinical-pathological factors, the expression of MICA+ did not associate with location or number of tumors, degree of cell differentiation. The long-term follow-up showed cancer relapse in 55 (43.3%) cases ( Table 2) . MICA expression levels showed no effect in relapse (log-rank, p = 0.1123). We did not observe an association between bladder MICA expression and the development of lung cancer. The 5-year survival rate was 87% (Table 2, Figure 5 ). During the follow-up period, Figure 5 ). The mean survival time for low MICA expression group was 49 months, compared with 66 months for the group with high expression levels. In the Cox regression analysis, patients with high levels of MICA expression presented a decreased risk of bladder cancer 
Discussion
The present study is a screen of MICA ligand expression and NKG2D+ tumor infiltrating lymphocytes in a cohort of primary bladder cancer patients. Using tumor microarray technology, we investigate the association of MICA expression and clinicopathological characteristics and its effect on bladder cancer prognosis. Our analyses show that MICA expression is frequent in bladder cancer. Nevertheless, a group of the tumors show low or undetectable levels of MICA expression. These MICA-negative tumors show no association with smoking status or cell differentiation. Tumor-infiltrating NKG2D+ lymphocytes were present in a small proportion of these tumors. MICA-negative tumors associate with greater risk of death due to bladder cancer or all-cancer death. MICA and NKG2D expression on NK cells and CD8+ lymphocytes may be a good indicator of patient's immunocompetence with respect to growing tumor in the body. Our study demonstrates that expression of MICA molecules is highly frequent in bladder cancer. Tumorinfiltrating NKG2D+ lymphocytes were present in a small proportion of these tumors. The identification of antigens associated with tumor destruction is a major goal of cancer immunology. Several genetic and biochemical techniques have revealed a broad range of gene products that elicit immune recognition in cancer patients, but the biologic importance of these responses in most cases is poorly understood. While some targets are linked to tumor regressions in the context of adoptive cellular therapies or cancer vaccinations, the possible roles of immunity to most antigens in disease pathogenesis and clinical outcomes remain to be elucidated. One strategy for characterizing antigens with potential clinically significant immune recognition involves the study of patients who achieve different (durable vs. non durable) clinical benefits from present guideline-based treatment strategies. Through this approach, we demonstrate that MICA-NKG2D is aberrantly expressed in most bladder tumors.
The TMA technology allows protein expression to be assessed in a large number of samples simultaneously, in a single batch, decreasing intersample or interday processing differences [18] . Multiple studies have demonstrated that findings obtained on TMAs are highly representative of their donor tissues, despite the small size of the individual specimens [19] . This allows the identification of broad trends in expression patterns, and correlations to be made between expression, clinical pathological features, and patient prognosis [19] . Previous studies have assessed the intracellular expression of p16 and p21 gene products by non-muscle invasive bladder cancer to evaluate their potential role as prognostic factors, but they showed to have non-statistically significant independent predictive value [20] . Our results are consistent with data from Cathro et al. [21] who described MICA expression using a TMA from 167 cystectomies for primary bladder carcinoma. 128 tumors were urothelial carcinoma. In such study, MICA had significantly lower staining in urothelial carcinoma than in normal urothelium. With mean 3.6 years follow up, significantly worse survival was associated with a higher delta score in urothelial carcinoma and a lower calreticulin score in all tumor types. Delta and calreticulin protein expression was associated with survival in urothelial carcinoma and in all types of bladder carcinoma, respectively. These findings are consistent with our results and suggest that MICA defects play a role in the clinical course of bladder carcinoma.
Available evidences implicate NKG2D receptor activation as a mechanistic link between epithelial cell stress and lymphocyte activation in epithelial tissues. NKG2D ligand expression is generally absent from healthy tissues but can be induced on infection, and by cell stress stimuli [22] . NKG2D ligands are also widely express in primary solid tumors and leukemia [23] . In cancer patients with MICA+ or MICB+ tumors, tumor-infiltrating and systemic NK and CD8+ T cells often express little NKG2D and are functionally compromised [24] . This state has been attributed to trans-acting effects of soluble MICA and MICB cleaved from solid tumors and leukemias by a tumor associated metalloproteinase [25] . This mechanism might explain the selection of tumor cells that sustain MICA and/or MICB expression and, rather than suggesting chronic immune activation, "predicts" that sustained NKG2D ligand expression in vivo would promote chronic immune suppression [26] .
We recently demonstrated that cigarette smoking induces aberrant NKG2D ligand expression on pulmonary epithelial cells [14] . Using primary murine lung epithetlium isolated from mice chronically exposed to cigarette smoke and cultured epithelial cells exposed to cigarette smoke extract in vitro, we demonstrated induced expression of the NKG2D ligand retinoic acid early transcript 1 (RAET1) as well as NKG2D-mediated cytotoxicity. Furthermore, a genetic model of inducible RAET1 expression on mouse pulmonary epithelial cells yielded a severe lung disease (emphysematous phenotype) characterized by epithelial apoptosis and increased CTL activetion, which was reversed by blocking NKG2D activation. We also assessed whether NKG2D ligand expression corresponded with pulmonary disease in human patients by staining airway and peripheral lung tissues from never smokers, smokers with normal lung function, and current and former smokers with COPD. NKG2D ligand expression was independent of NKG2D receptor expression in COPD patients, demonstrating that ligand expression is the limiting factor in CTL activation. Moreover, MICA expression in the airways was statistically associated with presence of lung cancer [14] . These results demonstrate that aberrant, persistent NKG2D ligand expression in the pulmonary epithelium contributes to the development of COPD pathologies, and is potentially associated with an acquired impairment of cancer immunesurveillance.
In the present study, the statistical analysis of MICA expression highlights relationships to clinical outcomes suggesting an immunological link between cigarette smoking, NKG2D-MICA system and susceptibility to both bladder and lung cancer. Nevertheless, it is interesting to note that MICA expression did not correlated with smoking. It might be that the non-smokers patients have an underestimated passive smoking history which could explain why no association was found. Nevertheless, we must emphasize the absence of association between the tumor expression of MICA and the time of quitting smoking or the cumulative dose of smoking (i.e., packyear index). Thus, tumor MICA expression is not necessarily due to active chemical stress in the face of current smoking or the consequence of heavy smoking only. We interpret that persistent MICA expression is the conesquence of some genetic and/or epigenetic mechanisms are perpetuated after quitting smoking and even in the face of non-heavy cigarette smoke exposure.
Collectively, these evidences suggest that the pathological links between MICA and NKG2D receptor in bladder tumors share more than anecdotal or descriptive information. The overall survival of patients with nonmuscle invasive bladder cancer is usually long, regardless of the histological grade of the tumor [1] . On the contrary, lung cancer patients display poor survival, apart from early stage tumors, which can be surgically removed. Intravesical instillation of BCG is still the immunotherapeutic treatment of choice in most non-muscle invasive bladder cancer with high-grade and carcinoma in situ (CIS) in Europe and the USA [27] [28] [29] . The BCG immunotherapy causes a local response which is determined by the secretion of cytokines identified in urine and biopsies of the bladder wall, with infiltration by mononuclear cells and granulomas [30] [31] [32] . It causes a local immune response in the urothelium and a potential antitumor effect [33, 34] . The magnitude of specific responses may be increased with the number of instillations, which justifies the maintenance dose protocols for years in patients with risk factors, but the therapeutic effect of BCG is not dose-dependent [35] . The intrinsic mechanisms of the antitumor effects of BCG still remain unclear [36] . A possible mechanism of intravesical BCG therapy for human bladder carcinomas is the involvement of innate effector cells for the inhibition of tumor growth [34] . Several reports demonstrate the involvement of NKG2D in antitumor responses, immune surveillance and suppression of experimentally induced tumors [37] . This mechanism has been put forward and studied in other solid tumors, and the understanding of the progresssion of metastasis [38, 39] . These findings suggest the involvement of innate alert cells activated by the live BCG-infected dendritic cells to inhibit the growth of bladder carcinoma and provide a possible mechanism of intravesical BCG therapy. A recent study assessed the risk of developing lung cancer in patients with bladder cancer [40] . Interestingly, among patients with nonmuscle-invasive TCC of the bladder, mortality from lung cancer represents a significant risk. Some authors suggest that patients with bladder cancer should be considered for lung cancer screening protocols [40] .
In the present study, we provide support for the hypothesis that NKG2D-ligand is expressed in most (>70%) bladder cancer specimens. This expression associated with an apparent downregulation of NKG2D in TIL, and probably affected cell-mediated cytotoxicity against toxicant (e.g., cigarette smoke) exposed urothelial cells. As a form of epithelial tumor clearly associated with chronic cigarette smoking, the present study suggests that extrapulmonary organs disclose cigarette-related impairment of innate immunity. Tumor-infiltrating lymphocytes are present in the tumoral tissue but disclose a downregulation of NKG2D receptor. These immunopathological characteristics associate with long term clinical outcomes in patients with bladder cancer suggesting that NKG2D-MICA system could represent a common mechanism involved in the immunopathological natural history of lung and bladder neoplasms.
The present study has limitations. Despite the limited number of participants, this study had enough power to document a statistically significant association between the MICA expression and cancer mortality, especially that caused by bladder cancer. This finding suggests that the protective effect is such that it can be demonstrated even in small case series. However, we consider that it is necessary develop more studies to evaluate the consistence of this association in other populations. Also, a larger sample size would be needed to assess the relationship between the MICA expression and other outcomes (e.g., bladder cancer relapse) and its impact on total mortality. Finally, the information regarding smoking status was obtained from the clinical charts and we may not exclude the possibility of classification bias.
Conclusion
Expression of the potent NKG2D ligand MICA and an apparent downregulation of NKG2D receptor in tumor infiltrating lymphocytes are evident in bladder cancer specimens. MICA expression showed significant survival advantages in the face of both all-cancer and bladder cancer. There is biological plausibility and a therapeutic potential on urothelial cancer related to manipulation of MICA-NKG2D pathways.
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